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EgyptAbstract The distribution of Cd, Cu, Fe, Ni, Pb, and Zn concentration in two seagrass species in
addition to six species of marine macro algae: Cystoseira sp., Gelidium crinale, Laurencia obtusa,
Gracilaria verrucosa, Jania rubens, and Enteromorpha compressa collected along Marsa-Matrouh
coastal waters (Egypt) were determined by Flame Atomic Absorption Spectrometry. The recovery
study was carried out using a certiﬁed reference material NMIJ CRM 7405-a. The obtained heavy
metal contents indicated that different species demonstrated various degrees of metal accumulation.
In general, El-Boussit station recorded the highest concentrations among the all studied stations.
There was a positive correlation between Fe concentrations in the seaweeds and those of Cu and
Pb indicated the same source of these metals and/or synergistic interaction between these metals.
In general, as regards the inﬂuence of the collection sites on the whole metal accumulation,
El-Boussit is considered to be the most polluted. There was a positive correlation between Fe con-
centrations in the seaweeds and those of the Cu and Pb, in addition to negative correlations between
Cu and Ni, Pb and Zn. On the basis of the levels of trace elements observed in Posidonia oceanica
and Cymodocea nodosa besides their wide distribution in Marsa-Matrouh beaches; these two species
are considered to be good bio-indicators for metals in the area of investigation.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Determinations of heavy metal concentrations in aquatic
organisms are usually preferred than their measurments in sea-
water and sediment. The concentration of metals in water is
very low and shows wide ﬂuctuations. Metal concentrationsin the sediment can be changed by the oxidation–reduction
potential, organic content, pH, and the grain size composition
(Topcuoglu et al., 2003). On the other hand, seagrass and
macro algae can be used as bio-monitors to give information
on concentrations of heavy metal or changes in metal
availabilities in the surrounding environment, besides their
abundance in various environmental systems (Capiomont
et al., 2000; Campanella et al., 2001; Ferrat et al., 2003a,b;
Topcuoglu et al., 2003). In general, algae are widely distributed
in the aquatic environment and are sedentary, easy to collect,
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degrees; satisfying all the fundamental requirements for bioin-
dicators (Campanella et al., 2001; Conti, 2002). In particular,
macro algae are recognized to concentrate metals up to levels
many times larger than those found in the surrounding waters
(Farias et al., 2002; Jones, 1922; Black and Mitchell, 1952).
The cell wall of algae consists of a variety of polysaccharides
and proteins, some of them containing anionic carboxyl,
sulfate, or phosphate groups that are excellent biding sites
for metal retention. The binding of metals by macro algae
was shown by Bryan, 1969) to be strong, with only a minimal
exchange between bound metals and ambient water. Macro
algae are able to accumulate trace metals, reaching concentra-
tion values that are thousands of times higher than their corre-
sponding concentrations in sea water (Conti and Cecchetti,
2003). Algae bind only free metal ions, the concentrations of
which depend on the nature of suspended particulate matter
(Seeliger and Edwards, 1977; Luoma, 1983; Volterra and
Conti, 2000), which, in turn, are formed by both organic and
inorganic complexes.
The Marsa-Matrouh City has an area of 212,112 km2
and 193,000 inhabitants, or 0.9 inhabitants/km2 (http://en.
wikipedia.org/wiki/Mersa_Matruh, 2014). Marsa-Matrouh is
the most important town on the 500 km long stretch of the
Mediterranean coast between Alexandria and the Libyan
border. In summer, the number of visitors to Marsa-Matrouh
increases (more than one million visitors) to enjoy the beautiful
white sandy beaches and clear seawater, and hence the human
activity in this site increases which reﬂects the change in the
environmental conditions. Little quantitative data are avail-
able on the concentration of metals in seaweeds for this area.
Little quantitative data are available on the concentration of
metals in seaweeds general pollution of this area. In an effort
to gain some insight into the level of metal contamination
which might exist in the coastal marine environment alongFigure 1 Samplingthe Marsa-Matrouh beaches, the present study reports the
concentrations of lead, cadmium, copper, zinc, nickel and iron
in two representative species of seagrass in addition to six
species of marine macroalgae: Cystoseira sp., Gelidium crinale,
Laurencia obtusa, Gracilaria verrucosa, Jania rubens, and
Enteromorpha compressa.
Materials and methods
Algae samples were collected during autumn 2009- summer
2010 from ten locations along Marsa-Matrouh beaches as
shown in Fig. 1. About 500 g fresh weight, were collected at
similar stages of each species at low tide. The samples were
washed in seawater at the sampling station, placed in plastic
bags and transported to the laboratory in an icebox. At the
laboratory, seaweeds were rinsed with seawater to remove sand
and epiphyta, washed with distilled water, dried at 80 C to
constant weight in the oven, ground, homogenized and sieved
to pass through a 560 lm sieve and kept away from metal
contamination (Al-Masri et al., 2003; Topcuoglu et al., 2003).
Five milligrams of dry weight from each sample was put
into a Teﬂon vessel (triplicate times for each sample). The sam-
ple is digested by adding 5 ml of concentrated H2SO4 and
heated on the hot plate for 15 min at 70–80 C, the sample
was left to cool then about 2 ml of nitric acid was added slowly
and continued to heat for 30 min. After cooling 15 ml of
hydrogen peroxide was added then heated for two hours at
150 C. Then the solution was diluted to 100 ml with 2%
HNO3 in a volumetric ﬂask (Topcuoglu et al., 2003). The
metal concentrations were determined by an atomic absorp-
tion spectrophotometer (Spectra AA-10 PlusVarian). Blank
samples were performed in the same manner inside each batch
of samples. For accuracy and precision of the analytical
method, the certiﬁcated reference material NMIJ CRM 7405-
a: trace elements and arsenic compounds in seaweed (Hijiki)locations map.
Table 1 Analysis of the standard reference material NMIJ
CRM 7405-a in Seaweed (Hijiki) produced by the National
Metrology Institute of Japan (NMIJ).
Elements Certiﬁed Found Recovery %
Cd 0.79 ± 0.02 0.759 ± 0.032 96.1
Cu 1.55 ± 0.07 1.523 ± 0.054 98.3
Fe 311 ± 11 315.622 ± 5.263 101.5
Ni 2.2 ± 0.1 2.265 ± 0.095 102.9
Pb 0.43 ± 0.03 0.452 ± 0.026 105.1
Zn 13.4 ± 0.5 13.226 ± 0.349 98.7
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(NMIJ) were processed in each batch. The results of analyzing
the reference materials fell within the range of the certiﬁcated
value for almost all of the investigated metals as shown in
Table 1.
Statistical analysis
Correlation matrix was used to determine the relation among
all the studied metals. Principal component analysis (PCA)
and cluster analysis (CA) and Person (parametric) rank order
correlations are the most common multivariate statistical
methods used in environmental studies (Bakac¸, 2000; El
Nemr and Abd-Alla, 2004; El Nemr et al., 2006; 2007,
2012a,b,c, 2013; Salem et al., 2013; Khaled and Hussein,
2014). In the present study, SPSS for Windows, Version 19,
was utilized for the multivariate analysis and for correlation
analysis. Cluster analysis (CA) was performed to further clas-
sify elements of different sources on the basis of the similarities
of their chemical properties. As the variables had large
differences in scaling, standardization was performed before
computing proximities, which could be done automatically
by the hierarchical cluster analysis procedure. A dendrogram
was constructed to assess the cohesiveness of the clusters
formed, in which correlations among elements could be
readily seen.
Results and discussion
The concentration of Fe in the seagrass Posidonia oceanica
ﬂuctuated between 93.62 lg/g; dry weight in autumn at the
Agiba station to 1829.41 lg/g; and dry weight in summer at
the El-Fayrouz station. El-Boussit and Alam El-Roum
stations also recorded high values in spring and summer
(1400.2 and 1289.83 lg/g dry weight, respectively). For
Cymodocea nodosa, the El-Fayrouz station recorded the high-
est concentration in summer and autumn while it was nearly
the same for Romel and Keleopatra stations (1829.41,
1143.03, 232–249 lg/g dry weight, respectively). The green
algae E. compressa collected from the Romel station at sum-
mer recorded the highest Fe level followed by that collected
from the El-Boussit station at the same season (3865.96,
1284.11 lg/g dry weight). L. obtusa which belongs to red algae
recorded a relatively high Fe concentration in summer at the
Alam El-Roum station (467.58 lg/g dry weight), while
Cystoseira crinita (brown algae) and G. crinale (red algae)
recorded their highest values in autumn at the Alam El-Roum
and Keleopatra stations (467.58, and 410.94 lg/g dry weight)respectively. On the other hand, the species C. crinita recorded
the lowest Fe values in spring at both the Romila and
Mina-Hashish stations (Table 2).
P. oceanica recorded the highest concentration of Zn at the
El-Boussit station in winter followed by the Agiba station in
autumn then by the El-Romila station in spring (63.15,
49.03, 45.84 lg/g dry weight, respectively), while it recorded
the lowest values in summer for both Mina-Hashish and
El-Romila stations (10.60, 10.55 lg/g dry weight, respectively).
El-Fayrouz and Romel stations detected the highest values of
Zn in the species C. nodosa in autumn and spring respectively
followed by Romel in autumn while the lowest value was
detected at El-Fayrouz in summer (74.15, 72.09, 49.01,
13.10 lg/g dry weight, respectively). L. obtusa collected from
Alam El-Roum in spring recorded the highest concentration
of Zn followed by G. verrucosa from Agiba in spring and by
E. compressa collected from Romel in summer while the lowest
concentration of Zn among all analyzed algae species was
recorded for E. compressa collected from El-Boussit in summer
(111.70, 59.13, 58.47, 4.95 lg/g dry weight, respectively).
Lead recorded its highest concentration for P. oceanica in
summer at Alam El-Roum and El-Obayid stations followed
by El-Gharam and Mina-Hashish stations (56.79, 55.62,
48.04, 47.39 lg/g dry weight, respectively) while the lowest
value was recorded in winter at El-Romila, Alam El-Roum
and Mina-Hashish (8.38, 9.00, 9.23 lg/g dry weight, respec-
tively). C. nodosa recorded its highest value in summer at
El-Fayrouz station followed by the species collected from
Keleopatra in spring; while the lowest values were recorded
for species collected from Romel and Keleopatra stations in
autumn (115.18, 34.75, 13.12, 14.10 lg/g dry weight, respec-
tively). For algae, the species E. compressa collected from the
Romel station recorded the highest Pb concentration followed
by L. obtusa collected from Alam-El Roum in both summer
and spring and the species G. verrucosa at Agiba in spring
(159.39, 41.55, 41.26, and 41.16 lg/g dry weight, respectively).
On the other hand, J. rubens recorded the lowest Pb value in
spring at the Agiba station (13.94 lg/g dry weight). Alam
El-Roum Station recorded the highest concentration of nickel
for P. oceanica at winter followed by El-Romila and El-Boussit
in autumn and winter respectively then by Mina-Hashish at
autumn (16.42, 15.49, 15.35, and 13.98 lg/g dry weight, respec-
tively) while its lowest values were recorded for Agiba in
autumn and Mina-Hashish in summer (4.30, and 4.43 lg/g
dry weight, respectively). C. nodosa recorded the highest Ni
concentration for the El-Fayrouz station in autumn followed
by Keleopatra at spring while the lowest nickel level was
detected for Romel at autumn (10.96, 7.94, and 6.16 lg/g dry
weight, respectively). Among all studied algae species,
L. obtusa collected from Alam El-Roum recorded the highest
Ni level at spring (52.56 lg/g dry weight) followed by
E. compressa collected from Romel in summer, while the same
species recorded the lowest value at the same season for the
sample collected from El-Boussit station (17.01, 3.15 lg/g
dry weight, respectively).
The highest Cu concentration in P. oceanica was detected in
spring for the El-Boussit station followed by the species col-
lected from Mina-Hashish, El-Boussit and Agiba in autumn
(24.91, 16.03, 15.64, 15.06 lg/g dry weight, respectively). On
the other hand, the lowest levels of Cu (<0.6 lg/g dry weight)
were observed for samples collected from El-Obayid,
Table 2 Mean concentration (lg/g dry weight) of Cd, Cu, Fe, Ni, Pb, and Zn in the selected marine macro algae collecting during
autumn 2009 - summer 2010 along Marsa-Matrouh coastal water.
Species Location Season Cd Cu Fe Ni Pb Zn
Posidonia oceanica Romila Autumn 0.48 1.81 254.11 15.49 17.18 36.54
Winter 0.23 0.47 189.69 13.37 8.38 27.75
Spring 0.24 11.21 312.55 10.53 36.33 45.84
Summer 0.47 8.39 457.47 9.28 29.14 10.55
Alam El-Roum Autumn 0.43 8.21 281.45 5.76 10.70 24.58
Winter 0.33 0.56 215.56 16.42 9.00 37.10
Spring 0.40 13.15 280.48 11.51 25.89 33.23
Summer 0.68 11.62 1289.83 10.44 56.79 14.04
Mina Hashish Autumn 0.39 16.03 133.02 13.98 15.25 39.17
Winter 0.31 0.59 180.95 12.31 9.23 25.78
Summer 0.47 5.02 136.74 4.43 47.39 10.60
El-Boussit Autumn 0.31 15.64 511.81 7.25 21.71 28.28
Winter 0.53 0.48 218.66 15.35 22.64 63.15
Spring 0.32 24.91 1400.28 13.88 24.11 38.26
Summer 0.56 10.36 485.09 11.94 31.62 14.63
Keleopatra Summer 0.36 14.78 396.42 4.90 36.95 12.34
El-Gharam Summer 0.69 9.14 592.48 6.96 48.04 11.90
El-Obayid Winter 0.37 0.37 230.04 12.55 28.78 26.73
Summer 0.88 12.82 594.88 10.49 55.62 19.93
Agiba Autumn 0.63 15.06 93.62 4.30 22.46 49.03
Cymodocea nodosa El-Fayrouz Autumn 0.33 22.33 1143.03 10.96 20.03 74.15
Summer 0.55 20.43 1829.41 6.43 115.18 13.10
Romel Autumn 0.66 24.45 248.63 6.16 13.12 49.01
Spring 0.30 15.28 234.02 7.23 18.19 72.09
Keleopatra Autumn 0.63 17.78 232.51 6.98 14.10 37.54
Spring 0.39 9.82 239.38 7.94 34.75 42.12
Cystoseira crinita Romila Spring 0.34 3.46 73.48 5.41 19.75 27.00
Alam El-Roum Autumn 0.44 19.25 467.58 8.79 18.86 25.74
Mina Hashish Spring 0.83 3.26 72.38 7.32 16.32 30.98
Laurencia obtusa Alam El-Roum Spring 0.49 7.73 300.05 52.56 41.55 111.70
Summer 0.21 4.53 763.17 4.27 41.26 11.11
Enteromorpha compressa Romel Summer 1.34 65.72 3865.96 17.01 159.39 58.47
El-Boussit Summer 0.19 4.02 1284.11 3.15 37.78 4.95
Gelidium crinale Keleopatra Autumn 0.54 9.40 410.94 4.07 18.63 43.44
Gracilaria verrucosa Agiba Spring 0.26 6.00 177.79 7.82 41.16 59.13
Jania rubens Agiba Spring 0.31 4.53 221.86 3.94 13.94 54.40
366 A. Khaled et al.El-Romila, El-Boussit, Alam El-Roum and Mina-Hashish in
winter (Table 2).
C. nodosa recorded its highest Cu concentration in autumn
for the Romel station followed by samples collected from
El-Fayrouz in both autumn and summer, while the lowest
level was detected for Keleopatra in spring (24.25, 22.33,
20.43, and 9.82 lg/g dry weight, respectively). The green alga
E. compressa collected from the Romel station recorded the
highest concentration of Cu in summer followed by the brown
alga C. crinita from Alam El-Roum in autumn then by the red
alga G. crinale collected from Keleopatra in autumn (65.72,
19.25, 9.40 lg/g dry weight, respectively). On the other hand,
C. crinita collected from both Mina-Hashish and Romel in
spring recorded the lowest levels of copper (3.26, 3.46 lg/g
dry weight, respectively).
The highest cadmium level in P. oceanica was recorded in
summer for samples collected from El-Obayid followed by
Alam El-Roum and El-Gharam stations (0.88, 0.68, 0.69 lg/g
dry weight, respectively). Meanwhile the Agiba station
recorded relatively high Cd concentration in autumn, while
the lowest values were detected in both spring and winter forthe eEl-Romila station (0.63, 0.24, 0.23 3.26, 3.46 lg/g dry
weight, respectively). C. nodosa recorded relatively high Cd
levels for both Romel and Keleopatra in autumn followed
by the El-Fayrouz station in summer while the lowest value
was noticed for Romel in spring (0.66, 0.63, 0.55, 0.33 lg/g
dry weight, respectively). E. compressa collected from the
Romel station at summer recorded the highest Cd concentra-
tion followed by C. crinita from Mina-Hashish in spring then
by G. crinale from Keleopatra in autumn (1.34, 0.83, 0.54 lg/g
dry weight, respectively) while the lowest concentrations were
detected in summer for E. compressa from El-Boussit and for
L. obtusa from Alam El-Roum (0.19, 0.21 lg/g dry weight,
respectively).
Pearson (parametric) rank order correlations (reference) for
studied heavy metals concentrations in all seaweeds are repre-
sented in Table 3. A signiﬁcant correlation (P 6 .001) exists
between the concentration of Fe and those of the Cu and Pb
(r= 0.51, 0.67, respectively), whereas Cd was correlated to a
lesser extent with Pb (r= 0.401). In addition, lower negative
correlation existed between Cu and Ni (r= 0.418) and
between Pb and Zn (r= 0.458). The positive correlations
Table 3 Correlations for the studied metals in seaweeds under investigation.
Cd Cu Fe Ni Pb Zn
Cd 1
Cu 0.180 (0.380) 1
Fe 0.159 (0.439) 0.514** (0.007) 1
Ni 0.274 (0.176) 0.418* (0.034) 0.021 (0.919) 1
Pb 0.401* (0.042) 0.225 (0.269) 0.673** (0.001) 0.315 (0.117) 1
Zn 0.278 (0.169) 0.228 (0.263) 0.169 (0.410) 0.200 (0.328) 0.458* (0.019) 1
* Note: Correlation is signiﬁcant at the 0.05 level (2-tailed).
** Correlation is signiﬁcant at the 0.01 level (2-tailed).
Table 4 Comparison of heavy metal levels (lg/g dry weight) in seaweeds from other locations in the world.
Cd Cu Fe Ni Pb Zn References
Gracilaria sp. 0.011 (0.07) 9.80 (1.28) 437.30 (3.11) 0.003 (0.008) 71.80 (4.24) Akcali and Kucuksezgin (2011)
Gracilaria verrucosa 0.8–3.1 1.1–3.2 63.0–121.0 9.5–19.0 35.0–67.7 Malea and Haritonidis (1999)
0.11 (0.05) 3.40 (1.42) 245.43 (117.09) 1.43 (1.61) 28.13 (12.60) Favero and Frigo (2002)
0.26 6.00 177.79 7.82 41.16 59.13 P.S.
Jania rubens <0.1 5.44 (2.38) 2.33 (2.00) 20.80 (5.13) Al-Masri et al. (2003)
0.63 (1.20) 6.16 (1.60) 466.65 (23.80) 28.72 (10.40) Abdallah and Abdallah (2008)
9.58 (10.35) 24.45 (29.34) 333.60 (400.79) 97.70 (45.68) Schintu et al. (2010)
0.31 4.53 221.86 13.94 54.40 P.S.
Cystoseira sp. 0.18 (0.12) 6.00 (4.95) 271.42 (133.32) 0.003 (0.002) 51.25 (22.14) Akcali and Kucuksezgin (2011)
1.72 1.80 10.3 52.4 Schintu et al. (2010)
<0.1<0.5 7.21 (2.22) 1.31 (0.70) 14.37 (2.87) Al-Masri et al. (2003)
0.54 8.66 204.28 18.31 27.90 P.S.
Enteromorpha sp. 5.22 (8.00) 11.08 (17.00) 108.54 (161.28) 196.34 (295.20) Schintu et al. (2010)
0.16 (0.24) 14.56 (9.90) 549.80 (540.09) 2.00 (0.78) 71.40 (106.38) Favero and Frigo (2002)
1.19 (0.60) 16.92 (4.46) 1038.82 (833.23) 42.51 (6.69) Abdallah and Abdallah (2008)
1.40 (0.95) 12.15 (3.49) 526.03 (280.54) 10.86 (1.27) 17.79 (4.99) 34.05 (6.12) Mohamed and Khaled (2005)
0.76 34.87 2575.03 10.08 98.80 31.71 P.S.
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metals there are synergistic interactions for the binding sites
of the plant that were previously stated by Karez et al.
(1994); or that of Fe, Cu and Cd, Pb which enter the
Marsa-Matrouh beaches from the same sources and follow a
similar distribution pattern.
Comparison of the present data with those previously stud-
ied by many authors (Table 4) revealed that the concentrations
of Cu, Fe and Zn for G. verrucosa in the present study
recorded lower values but higher levels of Cd and Pb than that
reported by Akcali and Kucuksezgin, 2011 along the marine
coastal areas of the Eastern Aegean Sea, Turkey. Malea and
Haritonidis, 1999 detected lower values of Cu, Fe, Pb and a
higher Cd concentration than that recorded in the present
study. On the other hand, they recorded a comparable value
for Zn for the same species collected from Thermaikos Gulf,
Greece. The present study recorded higher values of Cd, Cu,
Ni, and Zn and lower values of Fe than data reported by
Favero and Frigo (2002) from the Venice Lagoon, Italy.
J. rubens in the present study recorded Cu concentrations
lower than that reported by Al-Masri et al. (2003) (Syrian
Coast) and by Abdallah and Abdallah (2008) (Mediterranean
Sea, Egypt). Schintu et al. (2010) reported higher values for
Cd, Cu, Fe, Pb and Zn for the same species along thesouth-western Sardinia, Italy as illustrated in Table 4. On the
other hand, our data recorded higher concentrations of Cd,
Pb and Zn than that reported by Al-Masri et al. (2003) along
the Syrian Coast.
Cystoseira sp. in the present study recorded lower values for
Cd and Zn but higher concentrations of Cu and Pb than that
reported by Schintu et al. (2010) for algae collected from the
south-western Sardinia, Italy. Meanwhile, Al-Masri et al.
(2003) recorded lower concentrations of Pb and Zn and
comparable values for Cd and Cu than that recorded in the
present study. Akcali and Kucuksezgin (2011) detected compa-
rable values of Cu and Fe and higher Zn levels, while they
recorded lower values for Cd and Pb than that reported in
the present study. E. compressa recorded Cd concentrations
comparable with that reported by Abdallah and Abdallah
(2008) (Mediterranean Sea, Egypt) but lower than that
recorded by Schintu et al. (2010) along the south-western
Sardinia, Italy and higher than that recorded by Favero and
Frigo (2002) from the Venice Lagoon, Italy. Comparison of
Cu, Fe, and Ni in the present study revealed that E. compressa
recorded higher values than that reported in the literature by
Favero and Frigo (2002), Abdallah and Abdallah (2008)
and Schintu et al. (2010) (Table 4). On the other hand,
E. compressa recorded a lower value of Zn than that recorded
368 A. Khaled et al.by Favero and Frigo (2002), Abdallah and Abdallah (2008)
and Schintu et al. (2010), while it recorded a comparable value
of lead with that collected from the south-western Sardinia,
Italy Schintu et al. (2010).
To compare the total metal content in P. oceanica and
C. nodosa in the different sampling sites investigated in this
study, the metal pollution index (MPI) was used with the
formula (Usero et al., 1996; 1997):
MPI ¼ ðM1 M2 M3     MnÞ1=n
whereMn is the concentration of metal n expressed in lg/g dry
weight. The concentration of the total metals in the seaweed
species under investigation notably depends on the location
of sampling sites. The lowest metal pollution index for
P. oceanica was that collected from Mina-Hashish (11.73)Table 5 Varimax normalization rotated loading for two
factors obtained according to pollutants in the seaweed samples
along the Marsa-Matrouh beach.
Variable Factor 1 Factor 2
Cd 0.769 0.074
Cu 0.879 0.120
Fe 0.923 0.023
Ni 0.058 0.883
Pb 0.904 0.029
Zn 0.016 0.907
Variance (%) 50.601 27.601
Cumulative (%) 50.601 77.680
Figure 2 Component pwhile the highest index was found at El-Boussit (18.46) fol-
lowed by Agiba (16.30) then by Alam El-Roum and
El-Gharam stations (15.76 and 15.68 respectively). For
C. nodosa, the highest metal pollution index was recorded at
El-Fayrouz followed by Romel and Keleopatra stations
(26.62, 15.64, 15.14 respectively).
Seasonal variations of Cd, Fe, and Pb in P. oceanica were
associated with growth dynamics. The highest concentrations
were reported in summer when biomass was at a minimum
and the lowest in winter and spring when biomass had maxi-
mum values Haritonidis, 1978; Malea and Haritonidis,
1999). The increase in biomass resulted in a decrease of the
metal content per mass unit due to dilution (Haritonidis and
Malea, 1995; Malea et al., 1994a; Malea and Haritonidis,
1999). Fe and Cu contents were low after the appearance of
the new individuals (winter) increased with the increasing of
the age of the tissue (from winter to summer). An increase with
age in content of some metals, such as Fe and Zn, has also
been described for many macrophytes (Fo¨rsberg et al., 1988;
Lyngby and Brix, 1989; Malea et al., 1994b). This is attributed
to the fact that these metals are taken up irreversibly by the
plants, more binding sites are created with the increase of
age and some contamination of the older parts with ﬁne parti-
cles (Bryan and Hummerstone, 1973; Brix and Lyngby, 1982).
Generally, as previously reported by many authors
(Phillips, 1994; Akcali and Kucuksezgin, 2011; Haritonidis
and Malea 1995, 1999); there may be a number of reasons
for the seasonal differences found, including: environmental
factors, such as variations in metal concentrations in solution,
interactions between metals and other elements, salinity, pH
etc., metabolic factors, such as dilution of metal contents duelot in rotated space.
Figure 3 Dendogram obtained by hierarchical clustering analysis for metals in seaweeds collected along Marsa-Matrouh.
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kinds of factors.
Statistical analysis
Principal component analysis
By applying the principal component analysis (PCA) (Refer-
ence) on the six metals (Cd, Cu, Pb, Ni, Zn and Fe) under
investigation, two principal components have been extracted
by covering 77.68% of the cumulative variance (Table 5).
The loading of the variables on the two principal components
shows that Cd, Cu, Fe, and Pb were the dominant variables on
the PC1 (0.769, 0.879, 0.923, 0.904 respectively), while Ni and
Zn (0.883 and 0.907) were the dominant variables on the PC2
(Fig. 2).
Cluster analysis
By applying the cluster analysis for both the single and average
linkages similar relations between metals were obtained by the
two studied clustering methods. The resultant dendrograms
(Fig. 3) conﬁrm the results obtained with PCA. Indeed, there
were two main clusters, which can be identiﬁed as follows:
The ﬁrst cluster (A) contains Fe, Pb, Cu, and Cd at distance
9 (correlated in Factor 1 in PCA); the second cluster (B) con-
tains Ni and Zn at distance 7 (which was well correlated in
Factor 2 in PCA). At a higher distance (about 25) the two
clusters fused formed cluster (C).Conclusions
Seaweeds have the highest potency to be used as biomonitors
for metal pollution in the marine environment because they
have fundamental prerequisites for use as bioindicators. They
are easy to identify and to collect, available all the year round
in almost all coastal areas of the Mediterranean Sea. Further-
more, this study shows that P. oceanica may have the greatest
bioaccumulation capacity. Several studies suggest employing
seagrasses as bio-indicators of coastal waters metal contamina-
tion. As recommended by the European Commission in the
Water (EC, 2000), seagrass which are widely distributed in
the aquatic environment, could be selected as monitoring net-
work. Heavy metals in seaweeds along the Marsa-Matrouh
coast, Egypt are partially comparable to those in other areas
in the world. Total metal contents in P. oceanica and C. nodosa
along the studied area recorded their highest levels for
El-Boussit and Agiba locations while the lowest value was
recorded for the Mina-Hashish station. Since macroalgae are
located at the base of the food web; macroalgae is probably
the main source of metals for many animals like invertebrate
and ﬁsh feeding on them. Therefore, the investigation of heavy
metal concentrations in the algae species may provide useful
information on the transfer of potentially toxic elements from
abiotic compartments (water and sediments) to higher con-
sumers, including human beings. However, even if the use of
the above mentioned species as biomonitors for heavy metals
370 A. Khaled et al.seems advantageous for many reasons, further studies are
needed in order to strengthen the routine use in marine bio-
monitoring, aiming to fully clarify their actual accumulation
pattern.
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